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California’s Central Valley 
 55,000 sq. km. (20,000 sq. mi.) 
 25 MAF/yr Surface Water Discharge 
 Agricultural Production 

 6.8 million acres (27,500 sq. km) 
 <1% of US farm land 
 10% of US crops value in 2002 

 Population Growth 
 1970:  2.9 million 
 2005:  6.4 million 

 Groundwater Pumping 
 ~9 MAF in 2002 
 10-18% if US pumping 
 Not measured or regulated 



C2VSim Development 

Derived from the CVGSM model 
– WY 1922-1980 Boyle & JM Montgomery (1990) 
– WY 1981-1998 CH2M Hill 

 

Steady modification 
– DWR IWFM/C2VSim development began in 2000 
– IWFM process and solver improvements 
– C2VSim data sets reviewed and refined 
– C2VSim input data extended through WY 2009 

 

Calibration 
– PEST parameter estimation program 
– Three phases: Regional, Local, Nodal 
– Calibration Period: WY 1973-2003 in phases 1 & 2, 

1922-2004 in phase 3 
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C2VSim Versions 

C2VSim CG 3.02 (R367): Pre-Release Version 
– Water Years 1922-2009, monthly time step 
– IWFM version 3.02 
– Expected release in January 2013 

 

C2VSim FG 3.02 (R356): Draft Version 
– Based on C2VSim 3.02 CG of Jan 2012 
– Refine rivers, inflows, land use 
– Next: Update to R367 
– Expected release in Spring 2013 

 

Planned Improvements 
– C2VSim 3.02 CG/FG: Extend to WY 2011 or 2012 
– C2VSim 4.0 FG: Element-level land use, crop and 

diversion data 
 

 



C2VSim Coarse-Grid 

Finite Element Grid 
– 3 Layers or 9 Layers 
– 1393 Nodes & 1392 Elements 

 

Surface Water System 
– 75 River Reaches, 2 Lakes 
– 243 Surface Water Diversions 
– 38 Inflows, 11 Bypasses 
– 210 Small-Stream Watersheds 

 

Land Use Process 
– 21 Subregions (DSAs) 
– 4 Land Use Types 

 

Simulation periods 
– 10/1921-9/2009 (88 yrs) 
–  runs in 3-6 min 

 

IWFM version 3.02 
 

 

“C2VSim CG-3.02” 



C2VSim Aquifer Layers 

1 
2 
3 

1 Unconfined 
2 Confined w/pumping 
3 Confined no pumping 



C2VSim Aquifer Thicknesses 



C2VSim Aquifer Layers 





Faults 
– Battle Creek Fault 
– Red Bluff Arch 
– Plainfield Ridge 

Anticline 
– Pittsburgh – Kirby 

Hills – Vaca Fault 
– Vernalis Fault 
– Graveley Ford Faults 
– Visalia Fault 
– Pond-Poso Creek 

Fault 
– Edison Fault 
– White Wolf Fault 



Calibrated Parameters 

Aquifer nodes 
– Conductivity 
– Storage 
– Subsidence 

 
River nodes 

– Conductance 
 

Unsaturated Zone 
– Porosity 
– Conductivity 

 

Soil properties 
– Field capacity 
– Porosity 
– Recharge factor 
– Curve Numbers 

 
Small Watersheds 

– Field capacity 
– Porosity 
– Conductivity 
– Discharge threshold 
– Recession coefficients 
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Calibration with PPEST 

i 

PPEST 

PPEST 

RMSE 



IWFM-PEST Tools 
• Translate parameters from pilot points to IWFM 

– CVoverwrite.dat file 
– FAC2REALI program 

 
• Convert IWFM hydrographs to SMP format 

– IWFM2OBS program 
 

• Calculate vertical head differences to SMP format 
– IWFM2OBS program 

 
• Stream-groundwater flows to SMP format 

– STACDEP2OBS program 
 

• Log-transform surface water hydrographs 
– LOG_TRAN_SMP program 

 
 



C2VSim Calibration 
• Calibrate parameter values at each 

model node and layer 
 

• Using computers at the USDOE 
National Energy Research Scientific 
Computing Center (NERSC) 

– Carver 
• IBM iDataPlex 
• 3,200 CPU cores, 34 Tflop/s 

 

• Comparison: 

PPs Compter Run Time 

R300 137 15 PCs 1 week 

R326 394 15 PCs 3 weeks 

R346 1393 15 PCs 16 weeks 

R346 1393 NERSC 2 weeks 



Model Performance 

Units: Heads and subsidence in feet, flows in acre-feet 
Head and flow observations from October 1975 to September 2003, Subsidence observations from 
September 1957 to May 2004 

 
 

Observation Type 
No. 

Observation 
Sites 

No. 
Observations Range 

 Groundwater heads 1,378 62,981 1,252 
 Vert. Groundwater Head Difference 163 3,017 698 
 River Flows 22 5,636 6,561,453 
 River-Groundwater Flows 33 33 38,117 
 Subsidence 24 3,700 6.2 
TOTAL 1,620 75,367   

Observation Type 
Root Mean 
Squared 

Error 
Residual RMSE  

Range 
Residual 
Range 

 Groundwater heads 65.4 2.14 0.052 0.002 
 Vert. Groundwater Head Difference 96.2 -13.3 0.138 -0.019 
 River Flows 145,591 -13,720 0.022 -0.002 
 River-Groundwater Flows 8,875 3,620 0.233 0.095 
 Subsidence 17.4 -11.5 2.81 -1.86 



Groundwater Heads 



Groundwater Hydrographs 
Well ID = 26N02W29N001M
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Groundwater Hydrographs 
Well ID = 17N04E30R001M
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Surface Water Flows 



Hydraulic Conductivity 



Storage Parameters 



River-Bed Conductance 





Land-Surface Water Balance 



Surface Water Deliveries 
2000-2009 



Groundwater Pumping 
2000-2009 



Groundwater Pumping 



Aquifer Water Balance 



Groundwater Pumping 
2000-2009 



Deep Percolation 



Groundwater Depletion 



Groundwater Depletion 



Groundwater Depletion 
2000-2009 



Groundwater Depletion 



Subsidence, 2000-2009 



Stream-Groundwater Flows 



Water Table Altitude 
Produced from IWFM’s TecPlot® output files 



Key Limitations 
• Time step and stream routing: Stream flow must travel from upstream to 

downstream within the length of time step for the zero-storage assumption 
to be valid 

• Time step and rainfall runoff: Re-calibrate curve numbers for different time 
steps (for C2VSim, the input data time step is itself a limitation)  

• Spatial scale of demand and supply: Demand and supply computations are 
performed at the subregion level 

• Vertical distribution of pumping: Static distribution limits the ability to 
simulate changes in the pumping depth during simulation period  

• Aquifer and root zone thickness: Aquifer thickness should be large 
compared to root zone thickness to minimize error in case groundwater 
table is close to ground surface; likely to occur in native and riparian 
vegetation areas 

 



C2VSim ArcGIS Tool 

C2VSIM Feature Shapefiles 
and Data Tables 

C2VSim GUI Tool 

ArcGIS tool to display model output (based on RMC-WRIME tool) 



IWFM Excel Add-In 



HEC-DSS 



TecPlot-Ready Output 



C2VSim Reports 



C2VSim Coarse Grid 

DWR Web Site 
– Model files 
– User Manual 
– ArcGIS shapefiles 
– C2VSim Tools 
– IWFM Application 
– IWFM Tools 

 
Support 

– Training: IWFM and 
C2VSim workshops will be 
offered through CWEMF 

– Technical support: Email 
and telephone 

 A Google search for “C2VSim” brings up this page 
Links will go ‘live’ with C2VSim public release 

“C2VSim CG-3.02” 



C2VSim Fine Grid 
Nodal Spacing: 

– 0.5 mi on rivers 
– 1.5 mi on edge 
– Average 0.6 mi2 

 
Model grid: 

– 32,537 elements 
– 30,179 nodes 
– 4,529 river nodes 

 
Run times:  

– CG   88 yrs in 3-6 min 
– FG   88 yrs in appx 6 hrs 

 
Suggested uses:  

– CG   region-scale analyses 
– FG   local-scale analyses 

 
Beta release after staff review 

– Integrated with C2VSim ArcGIS tool 

“C2VSim FG-3.02” 

Fine Grid (FG) 

Coarse Grid (CG) 



C2VSim Applications 

- CalSim 3 groundwater component 

- Integrated Regional Water Management Plans 

- Stream-groundwater flows 

- Climate change assessments 

- Groundwater storage investigations 

- Planning studies 

- Ecosystem enhancement scenarios 

- Infrastructure improvements 

- Impacts of operations on Delta flows 
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